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Abstract 
The ultimate goal of this R & D program is to develop better and more effective CO2 separation processes that can be used to 
recover CO2 from industrial sources such as fossil fuel-fired power stations, coal gasification plants, petroleum refinery facilities 
and hydrogen production units at the lowest possible capital and operating costs. This paper presents the latest research results on 
fundamental studies of CO2 capture process technologies at the International Test Center for CO2 Capture (ITC). Specifically, it 
looks at recent advances made in reducing the reboiler heat duty. Four approaches were developed and evaluated for their 
contributions to the reduction of reboiler heat duty. These were: development of energy efficient solvent, process optimization, 
process configuration optimization, advanced process configuration optimization plus thermal energy optimizer, and activated 
process. In all cases, the CO2 capture process was operated at 90% absorber efficiency. All these approaches were compared with 
the conventional process using 5 molar MEA (case 1). The test results for the first 6 scenarios were obtained experimentally in 
12-inch ID absorber and regenerator columns (1 tonne/day CO2 capture pilot plant) and by modeling using Promax. The results 
for the last scenario (activated process) were obtained experimentally using 2-inch ID absorber/regenerator columns. The results 
showed that for the conventional configuration with 5 molar MEA, the heat duty was 5.1 GJ/tonne of CO2 produced whereas 
with the same configuration with RS-2 solvent, the heat duty was 4.3 GJ/tonne of CO2 produced. For the process optimization 
case, the heat duties were 3.0 and 2.9 GJ/tonne of CO2 produced for MEA and RS-1 solvents, respectively. In the case of process 
configuration optimization, the heat duties were 2.6 and 2.1 GJ/tonne of CO2 produced for MEA and RS-2 solvents, respectively. 
For advanced process configuration optimization plus thermal energy optimizer, the heat duties were reduced to 1.8 and 1.6 
GJ/tonne of CO2 produced for RS-2 and RS-3 solvents, respectively. It was interesting to observe that with the catalyst activated 
process with MEA, the heat duty was 2.0 GJ/tonne CO2 produced, and when the catalyst activated process was superimposed on 
the advanced process configuration process, the heat duty reduced drastically to 1.2 GJ/tonne CO2 produced. 
© 2010 Elsevier Ltd. All rights reserved 
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1. Introduction 
The use of fossil fuels is considered to be one of the cheapest and most reliable means to generate electric power. 
However, it constitutes the largest major contributor to carbon dioxide (CO2) emissions, which is blamed for climate 
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change and global warming. CO2 capture and storage (CCS) has been identified as a promising option for reducing 
CO2 emissions from large point fossil fuel combustion sources or other such industrial emitters such as oil refineries 
and cement manufacturing. Three basic technologies are available for capture of CO2 from fossil fuel combustion 
sources: pre-combustion capture, post-combustion capture, and oxyfuel combustion. Our research is presently 
focused on post-combustion capture, which is considered to be fundamentally reliable; however, it is currently not 
efficient and the energy penalty for capture is very large. In the post combustion process, selecting an effective 
solution for CO2 capture is very crucial because it impacts both capital and operating costs. For example, it affects 
the energy requirement for capture which constitutes about 70% of the operating cost. Also, much of the process 
configurations for amine based CO2 capture from power plant flue gas have been adopted from natural gas 
processing. This implies that the process configuration as it pertains to CO2 capture from flue gases is yet to be fully 
optimized. Thus, the major objective of the present paper is to apply novel approaches to the post combustion 
capture technology in order to increase efficiency and minimize energy requirements. The innovative techniques are 
in the development of an energy efficient amine-based liquid solvent which will be used in an optimized and/or 
catalyst activated post combustion system for CO2 capture with the objective of minimizing operating and capital 
costs. Specifically, four approaches were developed and evaluated for their contributions to the reduction of reboiler 
heat duty. These were: development of energy efficient solvent, process optimization, process configuration 
optimization, advanced process configuration optimization plus thermal energy optimizer, and an activated process. 
In all cases, the CO2 capture process was operated at 90% absorber efficiency. All these approaches were compared 
with the conventional process using 5 molar MEA.  
2. Process Configurations and Solvents 
Three configurations were selected and tested to demonstrate the contributions of optimizing the process 
configuration towards the absorption performance and energy efficiency of the CO2 capture process using the 1 
tonne per pilot plant of the International Test Centre for CO2 Capture. Figures 1-3 show respectively the process 
flow diagrams for the conventional process, the optimized conventional process and the process configuration 
optimized process. The additional features in the optimized conventional process over those for the conventional 
process were: (a) optimizing the solvent circulation, (b) maximizing the heat transfer between streams, (c) 
optimizing CO2 loading, (d) using energy efficient solvents, and (e) using a plate type reboiler. On the other hand, 
the additional feature in the process configuration optimized process over those for the optimized conventional 
system was the introduction of process integration within the CO2 capture boundary. Figure 4 shows the process 
flow diagram of the advanced process configuration optimization plus thermal energy optimizer. Three solvents 
were tested. These were (a) a benchmark solvent – 5 molar MEA, (b) RS-1, (c) RS-2 and (d) RS-3. The performance 
of these solvent were compared in the various process configurations.  The configuration for the activated process 
was in a separate but smaller unit. These latter experiments were done essentially using 2-inch ID 
absorber/regenerator columns. The activation was achieved by the use of catalysts. 
Figure 1:  Conventional Process Flow Diagram of UR Multipurpose CO2 Capture Plant 
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Figure 3: Process Flow Diagram of the Optimized Process Configuration of UR Multipurpose CO2 capture Plant  
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Figure 4: Process Flow Diagram of Advanced Process Integration for CO2 Capture 
 
3. Results 
All the described approaches were compared with the conventional process using 5 molar MEA (case 1). The test 
results for the first 6 scenarios were obtained experimentally in the 12-inch ID absorber and regenerator columns (1 
tonne/day CO2 capture pilot plant) and by modeling using Promax. These are given in Table 1 and Figure 5. The 
results for the last scenario (activated process) were obtained experimentally using 2-inch ID absorber/regenerator 
columns. The results showed that for the conventional configuration with 5 molar MEA, the heat duty was 5.1 
GJ/tonne of CO2 produced whereas with the same configuration with RS-2 solvent, the heat duty was 4.3 GJ/tonne 
of CO2 produced. The difference between these two clearly shows the contribution of change of solvent from MEA 
to RS-3 on heat duty. For the process optimization case, the heat duties were 3.0 and 2.9 GJ/tonne of CO2 produced 
for MEA and RS-1 solvents, respectively. In the case of process configuration optimization, the heat duties were 2.6 
and 2.1 GJ/tonne of CO2 produced for MEA and RS-2 solvents, respectively. For advanced process configuration 
optimization plus thermal energy optimizer, the heat duties were reduced to 1.8 and 1.6 GJ/tonne of CO2 produced 
for RS-2 and RS-3 solvents, respectively, thereby also showing the effect of changing the solvent from RS-2 to RS-
3. It was interesting to observe that with the catalyst activated process with MEA (using hot water at 95oC in the 
reboiler), the heat duty was 2.0 GJ/tonne CO2 produced, and when the activated process was superimposed on the 
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advanced process configuration process (using saturated steam at 140oC in the reboiler), the heat duty reduced 
drastically to 1.2 GJ/tonne CO2 produced. 
 











Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8
Solvent MEA RS-2 MEA RS-1 MEA RS-2 RS-2 RS-3









Method Pilot Plant Pilot Plant Pilot Plant Pilot Plant Pilot Plant Pilot Plant Simulation Simulation
Inlet Gas Composition 10.8 11.0 8.0 8.0 12.2 12.1 10.8 10.8 %
Absorber Efficiency 91.3 90.5 90.2 90.6 93.1 91.0 90.2 90.0 %
CO2 Production 0.84 0.72 0.56 0.56 0.58 0.58 0.91 0.91 tonne/day
Steam Rate 81.9 60.7 33.0 32.0 32.9 26.9 29.0 27.0 kg/hr
Heat Duty 5.08 4.25 2.99 2.85 2.58 2.07 1.79 1.66 GJ/tonne
Steam Duty 2.35 2.02 1.43 1.35 1.21 0.98 0.80 0.74 kg steam/kg CO2
Lean Loading 0.2121 0.2495 0.2280 0.1780 0.2270 0.1835 0.3237 0.3592 mol/mol
Rich Loading 0.3967 0.3958 0.4290 0.4520 0.5024 0.4252 0.4793 0.5689 mol/mol
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4. Summary 
We have used innovative techniques including the development of an energy efficient amine-based liquid solvent 
used in an optimized and/or catalyst activated post combustion system for CO2 capture to drastically reduce the heat 
requirements for CO2 capture. For the conventional configuration with 5 molar MEA, the heat duty was 5.1 
GJ/tonne of CO2 produced whereas with the same configuration with RS-2 solvent, the heat duty was 4.3 GJ/tonne 
of CO2 produced. For the process optimization case, the heat duties were 3.0 and 2.9 GJ/tonne of CO2 produced for 
MEA and RS-1 solvents, respectively. In the case of process configuration optimization, the heat duties were 2.6 
and 2.1 GJ/tonne of CO2 produced for MEA and RS-2 solvents, respectively. For advanced process configuration 
optimization plus thermal energy optimizer, the heat duties were reduced to 1.8 and 1.6 GJ/tonne of CO2 produced 
for RS-2 and RS-3 solvents, respectively. With the catalyst activated process with MEA, the heat duty was 2.0 
GJ/tonne CO2 produced, and when the activated process was superimposed on the advanced process configuration 
process, the heat duty reduced drastically to 1.2 GJ/tonne CO2 produced. 
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